Background Approximately 14% of Austria's 8.5 million inhabitants have a body mass index (BMI) > 30 kg/m 2 . The laparoscopic adjustable gastric banding (LAGB) was introduced in Austria in 1994, where about 10.300 patients have received it so far. One of our LAGB patients developed an adenocarcinoma of the distal esophagus 13 years after implantation. Objectives In order to calculate whether after LAGB patients are at higher risk for carcinoma of the esophagus, we performed a nationwide survey. Methods A questionnaire was sent to all surgical departments in Austria, primarily in order to detect cases with esophageal carcinoma after LAGB, but also to evaluate the policy in Austria concerning preoperative work-up, operation, and follow-up in LAGB patients. Results Since 1994, 37 of the 119 surgical departments in Austria have performed a total of about 10.300 LAGB implantations. Six patients have been identified with esophageal cancer following LAGB. The WHO statistical report on esophageal cancer shows an incidence of 2.8/100.000 per year in Austria, about 1/3 of which cases are adenocarcinoma of the distal esophagus. Conclusion Following LAGB, the incidence of esophageal cancer might be up to fivefold higher than the aged standardized overall population of Austria.
Introduction
The development of malignant tumors of the esophagus and stomach following laparoscopic gastric banding is a rare event. Until today, fewer than 15 cases have been published [1] [2] [3] [4] [5] [6] . Our deep understanding of the pathophysiology of gastroesophageal reflux disease (GERD) and the pathophysiology of esophageal cancer alerted us when we operated a patient who developed Barrett's cancer years after laparoscopic adjustable gastric banding (LAGB) [7] [8] [9] [10] .
GERD is the most common foregut disorder in the western world with an enormous impact on quality of life and costs for medication [11, 12] . Obese patients are prone to suffer from GERD and all its consequences more frequently than are persons with normal body weight [13, 14] . In the long term, some of the patients develop intestinal metaplasia with goblet cells (Barrett's esophagus) with a higher risk for esophageal adenocarcinoma ("Barrett's cancer") [15] [16] [17] . Frequent overeating of the LAGB pouch and a poorly managed gastric band with suboptimal follow-up may cause pouch distention and in some cases (e.g., persistence of a hiatal hernia) dilatation of the lower esophageal sphincter (LES). Taken together, the integrity of the esophagogastric junction, the angle of His and the LES are altered and this causes permanent exposure of gastric content to the esophagus. In the long term, this might lead to stasis esophagitis and also cause cancer [9, 18] .
In order to estimate the impact of LAGB on the development of esophageal cancer in the population of Austria, we performed a nationwide survey.
Methods
In this cohort study, a questionnaire was sent to all surgical departments in Austria (119), primarily to detect cases with esophageal carcinoma after LAGB, but also to evaluate the policy in Austria concerning preoperative work-up, operation, and follow-up in LAGB patients. In detail, the survey questions focused on the number of patients and the time when LAGBs were implanted at the various surgical departments. Furthermore, we asked the departments if they performed esophageal resection and whether they had LAGB patients who had developed esophageal cancer. Moreover, we asked for preoperative diagnoses and postoperative follow-up strategies. Rate of return was 95.8% (114). All university hospitals and all other public hospitals as well as most private hospitals were addressed. Of the 114 responding departments, eight (7%) reported performing resective esophageal cancer surgery and were therefore contacted again for further investigation.
The collected data were compared with an Austrian national reporting system and proofed for plausibility [19] . The study was approved by the local Ethics Committee, No. 1015/2017.
Results
From 1994 to 2013, 36 (31.6%) of the 114 surgical departments in Austria performed a total of approximately 10.300 LAGB implantations.
All surgical departments followed a standardized protocol for indication and preoperative diagnosis prior to LAGB implantation, namely quite similar to the IFSO recommendations. Whereas in most surgical departments (91.4%), a preoperative esophago-gastro-duodenoscopy was performed, only about a quarter (22.9%) of the departments considered preoperative esophageal manometry to be their standard. Esophageal manometry and combined 24-h pH impedance monitoring were routinely performed at 11.7% of the surgical departments prior to LAGB, whereas 28.6% of all departments performed an upper GI series with reflux provocation tests. In at least one third (34.1%) of the departments an extensive psychiatric work-up and in nearly a quarter (22.9%), a dietician was routinely included in the preoperative work-up. In 28.6% of the departments, a preoperative abdominal ultrasound examination was performed and at one surgical department (2.9%), a dexamethasone suppression test was routinely performed (Fig. 1) . The follow-up policy in the various surgical departments was not standardized. The majority recommended a postoperative visit 3, 6, and 9 months after surgery followed by annual metabolic monitoring.
Of the 10.300 LAGB patients, six (0.58‰) developed a malignant neoplasia of the esophagogastric junction in median 14 (range 3-18) years after LAGB. In four (0.38‰) of them, this was an adenocarcinoma of the distal esophagus; in one patient (0.09‰), a completely dedifferentiated carcinoma of the lower esophagus (G4, UICC IV, no immunohistochemical work-up); and in one patient (0.09‰), an adenocarcinoma of the esophagogastric junction (AEG I) with peritoneal carcinosis.
Moreover, in a seventh patient, Barrett's metaplasia with low-grade dysplasia and p53 mutation was detected.
The surgical approach was dependent on the suggestion made by the local tumor board, the clinical appearance of the patient, and the experience of the particular surgical department. A right thoracic esophageal resection with esophago-gastrostomy (Ivor Lewis procedure) was the method of choice in all surgical departments. Patients in UICC stage IV received palliative chemotherapy and best supportive care. The patient with Barrett's metaplasia and low-grade dysplasia underwent endoscopic radiofrequency ablation. In the subsequent biopsies, no Barrett's metaplasia and no dysplasia were detected. The band was removed endoscopically due to band erosion (Table 1) .
Discussion
In our study, we interestingly found a four to fivefold risk of developing esophageal cancer after LAGB.
In the "normal" population of Austria, the incidence of esophageal cancer is currently 5/100.000 per year. About 48% of the malignant tumors of the esophagus are squamous cell carcinomas (male, 47.6%; female, 48.3%), whereas about 30% are adenocarcinomas (male, 32.6%; female, 25.3%) [20] . The WHO statistical report on esophageal cancer shows an incidence of 2.8/100.000 per year in Austria, about 1/3 of which cases are adenocarcinoma of the distal esophagus [21] .
We detected six patients out of 10.300 LAGB interventions, who developed an adenocarcinoma of the lower esophagus and one patient who developed Barrett's metaplasia with low-grade dysplasia in median 14 (range 3-18) years after LAGB. Therefore, the cumulative incidence of malignant esophageal neoplasia after LAGB might be four-to fivefold higher.
We did not focus on the individual cases and their medical history, but primarily aimed to find esophageal malignancies following LAGB. Furthermore, we aimed to evaluate the policy in Austria concerning preoperative work-up, operation, and follow-up of LAGB patients. Recent studies have attempted to focus on the development of esophageal cancer after bariatric surgery. Most of them are case reports or retrospective single-center analyses [1, 4, 6, 9, 22] . Our study includes 10.300 patients following LAGB out of the overall population of Austria (8.5 million). With 10.300 included patients and a maximum follow-up of 24 years, this is-to our knowledge-the most comprehensive study to date of the development of esophageal malignancies following LAGB.
Calculation of the risk for developing esophageal malignancies after LAGB is difficult. In our study, we compare the cumulative incidence of esophageal cancer in patients with LAGB and the incidence of esophageal cancer in the age-standardized overall population of Austria in the observation period. The weakness of the study is its retrospective design with its underreporting bias. A rare event, like the incidence of esophageal cancer in Austria as compared to a rare event like the development of esophageal cancer following LAGB, always involves a bias. Using questionnaires as a means of collecting data is far inferior to a registry. Since the Austrian National Cancer Registry [20] does not include the situation after bariatric surgery, this was the only efficient means of obtaining these data.
Furthermore, the inclusion criteria (patients who received a LAGB and subsequently developed esophageal cancer) are very broad and do not refer to any patient characteristics (e.g., age, BMI, sex).
In our social healthcare system, the threshold for undergoing bariatric surgery is quite low. Moreover, people in Austria have a low migration rate compared to, e.g., the USA. Therefore, patient migration can be neglected in our study.
So far, fewer than 15 cases of esophageal cancer after LAGB implantation have been described, but there is sound evidence that the development of Barrett's metaplasia following LAGB is much higher [1, 2, 4, 9] . The development of esophageal cancer might be based on frequent overeating and a poorly managed gastric band with suboptimal follow-up leading to dilatation of the proximal gastric pouch. This together with the band acting as an artificial outlet obstruction leads to distension of the LES with subsequent development of a common cavity including gastric pouch and esophagus (Fig. 2) . This consistently exposes the distal esophagus to gastric content like permanent reflux [9] .
The development of motility disorders after LAGB was already discussed a decade ago [23, 24] . However, the impact of the GERD-like situation on the esophagus after LAGB was never targeted before although the reflux-induced carcinogenesis via an esophagitis metaplasia dysplasia carcinoma sequence has already been described extensively [25] [26] [27] . In patients with a normal esophageal peristalsis and a competent LES, the LAGB may provide a sufficient antireflux barrier [28] . However, patients with any defect in the complex antireflux mechanism may develop GERD symptoms or pouch dilatation and show markedly elevated esophageal acidification [28, 29] . Therefore, gastroscopy with biopsy of the Z line and exclusion of motility disorders with esophageal manometry is advised prior to operation. As a consequence, the existence of Barrett's esophagus is a commonly accepted contraindication for LAGB. Moreover, in patients with hiatal hernia, it seems logical to perform a hiatal hernia repair during LAGB. Unfortunately, according to the bariatric outcomes longitudinal database, the repair of a hiatal hernia during LAGB has minimal effect on postoperative improvement of reflux symptoms [27] .
However, in gastric sleeve resection (SR), a gastric highpressure procedure GERD may also become a serious problem. In a recent Italian cohort study, the rate of development of de novo Barrett's metaplasia after SR was considerably higher than that reported in the current bariatric literature. This was not related to GERD symptoms [30] . Taken together, the evidence of GERD after SR is under discussion. In a review article of 2015, there was an increase in GERD symptoms after SR reported in four studies with a prevalence of about 12% while seven cohort studies reported a reduction of GERD symptoms postoperatively [31] . Interestingly, the gastric emptying time after SR is accelerated, the intragastric pressure is elevated, and the LES resting pressure is decreased [31] [32] [33] . However, only one single patient who developed esophageal cancer after gastric SR has been described so far [34] . Further cases might be expected in the future.
In general, bariatric surgery is associated with a decreased risk of cancers as compared to obese patients not undergoing a bariatric procedure [35] [36] [37] .
In an English cohort study (n = 716.960), a gastric bypass resulted in the largest risk reduction for hormone-related cancers (breast, endometrium, prostate) as compared to nonoperative treatment of obesity. Nevertheless, gastric bypass, but not gastric banding or gastric SR, was associated with an increased risk for colorectal cancer. In this study, none of the bariatric procedures demonstrated a significant change in risk for esophageal cancer. However, the incidence of esophageal cancer was too low to perform a time-dependent analysis [35] .
The one anastomosis gastric bypass (OAGB) is rapidly gaining acceptance and has become a mainstream bariatric procedure. In a recent systematic review, the postoperative de novo rate for GERD was about 2%. So far, there has been no report of esophageal cancer following OAGB [38] .
The development of an esophageal carcinoma is a multifactorial sequence and takes time. In our six patients with esophageal carcinoma and the one patient with low-grade dysplasia, it took in median 14 (range 3-18) years from LAGB implant until cancer detection. There was no association between weight regain and esophageal cancer development.
In Austria, the number of LAGB operations per year varied over the investigated period. In the early pioneer years from 1992 to 1995, up to 550 bands were implanted with a significant increase in the following years, peaking in 2002 with 1345 operations annually. Since then, LAGB has become less popular in Austria and also worldwide weight regain, increased complications (e.g., GERD, dysphagia, stasis esophagitis, erosion) and the better outcome of alternative operations (e.g., laparoscopic gastric SR and gastric bypass), resulted in a change in procedure selection [19, 39] . This means that today, we might face a higher incidence of esophageal neoplasia 10-20 years after the maximum number of annually implanted LAGBs (Fig. 3) . Fig. 2 a The stomach after LAGB. b The stomach after LAGB with dilatation of the proximal gastric pouch. This together with the band acting as an artificial outlet obstruction leads to distension of the LES with subsequent development of a common cavity including gastric pouch and esophagus. Consequently, a combination of stasis and exposure to gastric content lead to GERD Nevertheless, LAGB remains an important tool in bariatric surgery [40] . Selected patients without GERD, Barrett's metaplasia, and motility disorder combined with an optimal follow-up may still take advantage of a band.
In a recent Australian cohort study, LAGB was shown to be a safe and effective treatment option for obesity also in the long term. The high frequency of late adverse events in Australian LAGB patients has been reduced following improvements made in the band, the technique of band placement, and the quality of patient education [41] .
In order to avoid carcinogenesis following LAGB, accurate preoperative work-up is advisable including gastroscopy with biopsies as well as the exclusion of esophageal motility disorders.
In patients with GERD symptoms, morphological and histological changes, or impaired esophageal motility, LAGB might not be the best choice for surgical weight loss. However, in those patients, a "low-resistance" procedure, such as a gastric bypass, seems to be the better choice.
Furthermore, aggressive follow-up after LAGB in patients at risk including gastroscopy and esophageal manometry seems reasonable. In incompliant patients with frequent overeating or for poorly managed gastric bands with suboptimal follow-up, early conversion to a laparoscopic gastric bypass should be discussed.
Conclusion
The incidence of esophageal and esophagogastric junction cancer appears to be four-to fivefold higher in patients following LAGB.
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